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1 Background
The work item introducing the new FR2 band n259 was approved in [1]. During RAN4 #92 the link budget was discussed an a WF was agreed [2] where companies are encouraged to provide the link budget parameters for Tx and Rx

In this contribution we provide our inputs to PC3 link budget for n259. 
2 Transmitter, PC 3
Power class is defined as maximum peak EIRP, minimum peak EIRP, spherical coverage EIRP and maximum TRP. Since this is PC3 for a new frequency it is proposed to reuse maximum peak EIRP and maximum TRP from PC3: n257, n258, n260 and n261, i.e. maximum peak EIRP = 43dBm and maximum TRP = 23dBm.

[bookmark: _Ref20385663]Proposal 1	For PC3: n259 reuse maximum peak EIRP and maximum TRP from PC3: n260
 
RF Architecture
For PC3, bands n257, n258, n260 and n261 the peak EIRP was derived assuming a HW architecture where each antenna element, for each polarization is individually fed with a power. To our understanding, this is the reason there was an assumption of 2-3 dB polarization gain when deriving the peak EIRP for bands n257, n258, n260 and n261.  The same HW architecture has been assumed in the WF [2] where companies are encouraged to fill in values according to this HW architecture. Other possible RF architectures could be a single PA with splitters for each antenna element (e.g. Butler matrix). Even if other possible HW architectures could be applicable they may not end up with very different TRP/EIRP values in the end.

[bookmark: _Ref20385612]Observation 1 	A dual polarized antenna structure with PA for each polarization was assumed when defining the peak EIRP for bands n257, n258, n260 and n261.

[bookmark: _Ref20385669]Proposal 2	Companies shall provide the reference RF architecture they assumed when deriving the peak EIRP link budget. 

Peak EIRP
Calculation of peak EIRP for band n259 is shown in 

	Parameter
	Unit
	Nominal value
	Contribution to tolerance

	Frequency range
	GHz
	39.5 - 43.5 GHz
	39.5 - 43.5 GHz

	Pout per element
	dBm
	11
	 

	# of antennas in an array
	 
	4
	 

	Total conducted power per polarization
	dBm
	17
	0.5

	Avg antenna element gain
	dBi
	5.5
	

	Antenna roll off loss versus frequency
	dB
	1.5
	

	Realized antenna array gain
	dBi
	9.5
	1 

	[Polarization gain]
	dB
	2.5
	 

	Mismatch and transmission line loss including load pull
	dB
	1
	1 

	Beam forming loss (phase shifter and amplitude error)
	dB
	1
	 0.5

	Finite beam table
	dB
	0
	 

	Beam forming loss (one beam table fits all)
	dB
	0
	 

	Form factor integration losses
	dB
	2.5
	1

	Total implementation loss (nominal)
	dB
	4.5
	 

	Total implementation loss (worst case)
	dB
	5.5
	 

	Peak EIRP (Nominal)
	dBm
	24.5
	 

	Tolerance (+/-)
	dB
	4
	 

	Peak EIRP (Minimum)
	dBm
	20.5
	 

	Peak EIRP (Maximum)
	dBm
	 
	 



Table 1 Estimation on Peak EIRP for PC3: n259

[bookmark: _Ref20385623]Observation 2	According to our estimate (minimum) peak EIRP is 20.5 dBm for PC3: n259
Spherical coverage
The spherical coverage of an antenna in such a high frequency depends on many factors, which include and not limited to the surface current distribution, the material of the back cover and its separation distance to the antennas, other component around the antenna panel etc. An analysis has been provided in [3], and it can be observed and concluded that impact from all the factors do not monotonously change with frequency but rather changes periodicity. Therefore, it cannot be concluded that the n259 bands must be worse than n 260 bands in terms of spherical coverage. 
In order to elaborate the point mentioned above, the spherical coverage of a device with smart-phone factors at 41.5 GHz is simulated. The devices is covered by glass on both front and rear sides and is rounded by metal frame. The device is configured with two antenna panels, where one faces towards front side and one faces rear side of the phone. Each panel is composed by 4×1 patch arrays and resonant at centre frequency at 41.5 GHz. In addition, another set of simulation with the same setup but different resonant frequency of the antennas is also provided as a reference, where the centre frequency of this simulation is selected at 38 GHz. 
[image: ]    [image: ]
Figure 1. The simulation setup and the simulated spherical coverage at 41.5 GHz and 38 GHz.

This is a full wave simulation with a device that is close to the real phone, therefore, all the possible effect including the surface wave has been considered. It can be observed that the spherical coverage at 41.5 GHz device is actually slightly better than 38 GHz device. Therefore, moving from n260 up to n259 does not necessarily mean degrading the spherical coverage. In general, the spherical coverage performance will be very similar between n259 and n260, which allow to re-use the same requirement. 

[bookmark: _Ref21108741]Observation 3	The spherical coverage performance (delta between peak and 50% EIRP) of n260 is similar to n259.

Proposal 3	Re-use the spherical coverage requirement (delta between peak and 50% EIRP) of n260 for n259. 

Multi-band relaxation
[bookmark: _GoBack]Multi-band operation was heavily debated in RAN4 #88 bis [8] and RAN4 #89 [9] where the framework for multi-band relaxation was agreed. It was also agreed that the same relaxation is applicable for both EIRP and EIS. Multi-band relaxation was agreed as a trade-off between link budget and implementation constraints. E.G. as was shown in [11] there is a clear trade-off between antenna volume and multi-band performance. There are also testability problems associated with how the multi-band relaxation is specified.
2.1.1 Testability aspects on multiband relaxation 
In [11] RAN4 sent an LS to RAN5 with a proposal on how to use the multi-band relaxation for testing, suggesting that the UE vendor declares the per band relaxation factors which should comply with the max allowed accumulated value over supported bands defined in 38.101-2, thereby allowing testing to be performed per band. This is in theory possible, but RAN5 are facing some practical problems that was not anticipated by RAN4 in the LS.

RAN5 have since worked on implementing this in RAN5 specs, but the RAN5 solution had an impact on certification organizations GCF and PTCRB. While the discussion with certification organizations has not fully been completed, it has become clear that there is a potential risk of misuse of the multi-band declaration by the UE [12]. The issue is that if not all the supported bands by the UE are tested, a situation that will be common, the UE could safely assign all the allowed multiband relaxation on the tested bands (setting deltaMB=0 on untested bands) thereby allowing a non-compliant UE to pass certification. Reasons for not testing a supported band may be:
1) The band is not part of certification (e.g. band of a different region)
2) No test equipment is yet available for the band. 
Considering the above, it would be desirable that new introduced FR2 bands are assigned a multiband relaxation requirement that addresses the issue described above. This could be done by setting multiband relaxation factors per band instead of a total allowed relaxation over all bands. 
[bookmark: _Ref21108785]Observation 4	Current multi-band relaxation framework can result in a non-compliant UE passing the certification.
Proposal 4 	Setting multiband relaxation factors per band instead of a total allowed relaxation over all bands.
Example for n259, n260 UE with hypothetical values:

Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3
	Supported bands
	∑MBP (dB)
	∑MBS (dB)

	n257, n258
	≤ 1.3
	≤ 1.25

	n257, n260
n258, n260
	≤ 1.0
	≤ 0.753

	n257, n261
	0.0
	0.0

	n258, n261
	≤ 1.0
	≤ 1.25

	n259, n260
	0.74
	0.74

	n260, n261
	0.0
	≤ 0.752

	n257, n258, n260
n257, n258, n261
n257, n258, n260, n261
	≤ 1.7
	≤ 1.753

	n257, n260, n261
	≤ 0.5
	≤ 1.253

	n258, n260, n261
	≤ 1.5
	≤ 1.253

	NOTE 1:   The requirements in this table are applicable to UEs which support only the indicated bands
NOTE 2:   For supported bands n260 + n261, ΔMBS,n is not applied for band n260
NOTE 3:   For n260, maximum applicable MBS,n is 0.4 dB
NOTE 4:   For n259 and n260, maximum applicable MBS,n is 0.4 dB implying no restriction by ∑MBP 



2.1.2 Re-using the multi-band framework
Despite the above discussion n259 need to be handled one way or the other in the multiband specification. If adding n259 to the multi-band relaxation specification it is proposed to reuse the same framework decided in [10]. In addition, re-use the same framework may accelerate the process of defining band n259. 
[bookmark: _Ref20385638]Observation 5 	Re-using the same multi-band framework may accelerating the process if adding n259 to the multi-band relaxation specification. 
[bookmark: _Ref20385675][bookmark: _Hlk21103882]Proposal 5	If adding n259 to the multi-band relaxation specification, re-use the same multi-band framework.
To apply this to Table 6.2.2.3-4 in TS 38.101-2 the same principle shall apply for n259 as for n260 in those cases where n259 and n260 do not co-exist (this is the easy part).
[bookmark: _Ref20385680]Proposal 6	If adding n259 to the multi-band relaxation specification, for all cases where n259 and n260 do not co-exist re-use the values for n260 in Table 6.2.2.3-4 in TS 38.101-2 for n259
Note that there are additional restrictions on the multiband relaxations for band n260 in Note 2 and 3 in Table 6.2.1.3-4 of TS 38.101-2. To our understanding, the spherical coverage at band n260 is lower than other bands in the 3GPP specification right now, but the link budget is tighter due to the higher propagation loss. Therefore, such a restriction is proposed to be added for band n259 as well, to maintain a reasonable cell coverage. Based on the logic above, the same Note 2 and 3 shall be used for n259. 
[bookmark: _Ref20385685]Proposal 7	If adding n259 to the multi-band relaxation specification, also include n259 in Note 2 and Note 3 in Table 6.2.1.3-4:  
NOTE 2: For supported bands n260 + n261 and n259 + n261, ΔMBS,n is not applied for band n260
NOTE 3: For n259 and n260, maximum applicable ΔMBS,n is 0.4 dB
The cases where n259 and n260 co-exist is trickier. n259 and n260 together cover from 37GHz – 43.5GHz = 6.5GHz with a relative coverage of 16% compared to n258 and n257 which cover 5.25GHz with a relative coverage of ~20%. One could argue values n258 and n257 combinations, therefore, could be re-used for n259 and n260 combinations. However, the bands in the 40GHz range already suffer from somewhat poor link budget. It is, therefore, rather proposed to re-use the principle according to Note 2 and Note 3 in Table 6.2.1.3-4 as discussed above (For n260, maximum applicable MBS,n is 0.4 dB) also for n259. As an example, this will mean that ∑MBP for n259 and n260 will < 0.8dB (e.g. 0.7dB).

3 Receiver PC3
Reference sensitivity 
The reference sensitivity can be described as below [5]:

SNR refers to achieving 95% BER. IM is the baseband implementation margin (i.e. uncertainty in the detector implementation). HW implementation margin is usually bundled into the NF and therefore we have estimated the NF to 16dB. Losses due to beamformer and form factor could also be bundled into the NF (since we have the OTA approach for FR2). However, in this document they are separate not included in the NF. The BW is the occupied BW (~channel BW). Diversity gain was decided to be 0 dB for FR2 [5] due to the OTA verification procedure.

	Parameter
	Unit
	Value
	Note

	Band number
	 
	n259
	 

	Frequency range
	GHz
	39.5 – 43.5 
	 

	Modulation
	 
	QPSK
	 

	SNR requirement
	dB
	-1
	 

	Implementation margin
	dB
	2
	Demodulator IM (not HW)

	Bandwidth
	MHz
	100
	 

	Thermal noise
	dBm/Hz
	-174
	 

	Noise Figure
	dB
	11
	

	Number of antennas in an array
	 
	4
	 

	Array gain
	dB
	5.5
	 

	Element gain
	dBi
	4.5
	 5.5 ± 1

	Diversity gain
	dB
	0
	 

	Antenna gain roll-off over frequency
	dB
	1.5
	 

	Beamforming loss
	dB
	1.5
	 1.2 ± 0.5

	Total insertion loss
	dB
	3
	Included in NF

	Form factor integration losses
	dB
	3.5
	2.5 ± 1

	REFSENS
	dBm
	-82.5
	 



Table 2 Estimation of REFSENS for PC3: n259 
[bookmark: _Ref20385647]Observation 6	According to our estimate REFSENS for PC3: n259 is -82.5 dBm
4 Conclusion
In this contribution we have discussed the requirement for PC3: n259. The following observations and proposal are made:
Observation 1 	A dual polarized antenna structure with PA for each polarization was assumed when defining the peak EIRP for bands n257, n258, n260 and n261.
Observation 2	According to our estimate (minimum) peak EIRP is 20.5 dBm for PC3: n259 
Observation 3	The spherical coverage performance (delta between peak and 50% EIRP) of n260 is similar to n259.
Observation 4	Current multi-band relaxation framework can result in a non-compliant UE passing the certification.
Observation 5 	Re-using the same multi-band framework may accelerating the process if adding n259 to the multi-band relaxation specification.
Observation 6	According to our estimate REFSENS for PC3: n259 is -82.5 dBm
Proposal 1	For PC3: n259 reuse maximum peak EIRP and maximum TRP from PC3: n260
Proposal 2	Companies shall provide the reference RF architecture they assumed when deriving the peak EIRP link budget.
Proposal 5	If adding n259 to the multi-band relaxation specification, re-use the same multi-band framework.
Proposal 6	If adding n259 to the multi-band relaxation specification, for all cases where n259 and n260 do not co-exist re-use the values for n260 in Table 6.2.2.3-4 in TS 38.101-2 for n259
Proposal 7	If adding n259 to the multi-band relaxation specification, also include n259 in Note 2 and Note 3 in Table 6.2.1.3-4:  
NOTE 2: For supported bands n260 + n261 and n259 + n261, ΔMBS,n is not applied for band n260
NOTE 3: For n259 and n260, maximum applicable ΔMBS,n is 0.4 dB
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